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Solar Flares and Coronal Mass Ejections (CMEs)

Solar Flares CMEs
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CMEs and solar proton events

Solar proton events (SPESs) Protons are mainly accelerated
are caused by CMEs at the CME shock front
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Mass and Velocity of “super’ CMEs

(1) : Gravitational stratified atmosphere  (with L >> H)

L 2
M e = LQ/ poexp(——)dz ~ poL*H o| 2
0

H
(2) : CME kinetic energy ~ flare released energy (cf Emslie et al. 2012 )
1
Efla.re ~ Ecme — 2A-[cme‘/c-2me mag f B2L3 x L3
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=> Veme x1000 ~3000%(10071/6)~ 6000 km/s for example...
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Estimation of proton flux of “super’ proton events

(3) : Energetic proton energy « Flare released energy

EP > IP tCME > Eflare

5/6 5
IP > Eflare ocche

Flare Class (GOES Soft X-ray Class)

-upper-limit of Iy ;
lsepx1000 < 6.8710° pfu,

Integral peak flux (E > 10 MeV)
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Magnetic field strength of “super” CMEs at 1AU

Geomagnetic storms caused by CME passage 2hocx front

Hour11/D0OY211/Year2000 DSt*min= —83nT CME Sheath Interplanetary
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Dynamical Pressure ~ Magnetic Pressure

che2/8 nm=p sw* (Vc:me'sz)2
n, = 1(/cc)
V., =500 (km/s)
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27.5 28.0 285 30.0 30.5 as an estimate for upper limit...
CMEs “Super” CMEs
Flare Class X10 X1000
AR Size 100 Mm 460 Mm
M.me 71016 g 1.5*1018 g
Veme 3000 km/s 6000 km/s
B, @TAU 160 (nT) 360 nT

=> May be used to estimate Dst index, and so forth.



Summary

Scaling relations

Mass and speed, magnetic field @ TAU
Mcme“ L2 > EflareZ/3 ’ vcme"< L1 /2, Eflare1 /6 ) che,UPper-limit@1 AU o<che1

Energetic proton flux in SPE
IP °‘Eflare5/6 <><che5

Estimated properties

CMEs “Super” CMEs
Flare Class X10 X1000
AR Size 100 Mm 460 Mm
Beme@1AU 160 nT 360 nT
Meme 7*10'6 g 1.5*1018 g
CME speed 3000 km/s 6000km/s
Ip 1075 pfu 5x 1077 pfu




